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MUTATIONS  PRODUCED  BY  ATOMIC  BOMB 
IRRADIATION  OF  NEUROSPORA  CRASSA. 


Introduction 


In  the  planning  of  the  biological  experiments  for  the  Bikini 
atomic  bomb  tests  it  was  considered  desirable  to  expose  an  organism 
which  while  readily  reactant  to  ionizing  radiation  from  a  genetic 
viewpoint,  would  survive  the  other  conditions  involved  in  a  pro¬ 
longed  trip  to  the  tropics. 

From  the  work  of  Beadle  and  Tatum  (l)  and  Beadle  (2)  it  was 
known  that  the  red  bread  mold,  Neurospora  crassa,  was  an  ideal 
organism  from  a  genetic  standpoint  and  that  mutations  were  readily 
produced  by  ionizing  radiation.  Further,  samples  of  this  organism 
could  be  prepared  in  such  a  manner  so  as  to  survive  for  indefinite 
periods  of  time. 

Heurospora  crassa  is  one  of  the  bread  molds  that  grow  in  trop¬ 
ical  and  semi tropical  regions.  It  produces  great  masses  of  bril¬ 
liant  orange  asexual  spores  known  as  conldla.  It  is  a  heterothalllc 
fungus,  although  the  two  sexes  are  not  visibly  distinguishable. 

The  two  sexes  or  mating  types  are  known  as  A  and  a.  One  can  only 
tell  the  sex  of  an  individual  strain  by  putting  it  with  another 
individual  strain  of  a  known  sex  for  observation.  If  nothing  hap¬ 
pens  they  are  of  the  same  sex.  If  fusion  takes  place  and  ripe 
fruiting  bodies  are  produced,  they  are  of  opposite  sex.  These 
fruiting  bodies  are  called  perlthecla  and  contain  the  sexual  or 
ascospores.  These  ascospores  are  formed  in  asoi  within  the  peri- 
thecium,  each  ascl  containing  eight  spores,  each  set  of  eight  being 
the  descendants  of  one  nucleus.  These  eight  spores  carry  the 
genetic  characters  of  the  two  parent  strains  in  a  one  to  one  ratio. 

In  addition  to  a  sexual  reproductive  cycle,  Neiurospora  multi¬ 
plies  profusely  by  vegetative  means.  Normal  strains  produce  mil¬ 
lions  of  microscopic  orange  spores  called  conldla  which  float  about 
in  the  air  and  multiply  the  mold  wherever  conditions  are  favorable 
for  growth.  They  multiply  the  individual  without  genetic  change. 

Neurospora  grows  readily  in  pure  culture  on  a  relatively  simple 
medium.  Its  basic  requirements  for  growth  and  reproduction  are  (l) 
a  source  of  energy  and  carbon  such'as  sucrose,  (2)  a  suitable  source 
of  nitrogen,  such  as  nitrates  or  ammonium  salts,  (3)  inorganic  salts 
supplying  phosphate,  sulfur,  potassium,  iron,  calcium  and  other 
elements,  and  (4)  biotin,  a  vitamin  of  the  B-group.  From  these 
basic  substances  Neurospora  is  capable  of  synthesizing  the  remainder 
of  the  B-group  vitamins,  some  20  essential  amino  acids,  nucleic 
acids  containing  various  piirlnes  and  pyrimidines,  and  certain  yellow 
pigments  which  are  precursors  of  vitamin  A  in  higher  animals. 


Experimental  Design 

The  Neurospora  samples  were  supplied  in  two  forme  by  the 
Biology  Department  of  Stanford  University.  Conldla  (asexual  spores) 
were  prepared  in  suspensions  of  horse  serum,  lyophllized  and  sealed 
in  glass  ampoules.  Ascospores  (sexual  spores)  from  crosses  of  the 
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two  mating  types  were  mixed  with  Kaolin,  dried  and  sealed  In  glass 
ampoules. 

At  Bikini  on  the  USS  BUREESON  these  ampoules  of  spores  were 
wrapped  in  ahsorhent  cotton  and  packed  In  cardhoard  mailing  tubes. 
In  this  condition  they  were  placed  on  the  various  target  vessels 
selected  for  this  purpose  (3).  During  Test  ABLE  both  conidla  and 
ascospores  were  exposed  while  for  Test  BAKER  only  ascospores  were 
used.  Following  Test  ABLE  the  samples  were  collected  within  the 
first  two  days  and  placed  in  a  refrigerator  aboard  the  USS  BURLESON. 
It  was  six  days  after  Test  BAKER  before  all  samples  could  be 
recovered  due  to  the  radioactive  contamination  of  the  target  ves¬ 
sels.  The  mailing  tubes  containing  the  samples  were  also  contami¬ 
nated.  These  containers  were  discarded  and  the  samples  also 
refrigerated.  Upon  return  of  the  USS  BURLESON  to  the  United  States 
all  Neurospora  samples  were  delivered  to  the  Division  of  Biology, 
California  Institute  of  Technology,  Pasadena. 


Results 

The  Test  ABLE  samples  received  primarily  gamma,  radiation 
emitted  at  the  time  of  explosion  of  the  bomb.  A  few  specimens  on 
nearby  ships  received  in  addition  some  neutron  Irradiation.  The 
Test  BAKEIR  samples,  however,  received  only  part  of  their  Irradia¬ 
tion  at  the  time  of  the  bomb  explosion  and  were  afterwards  exposed 
to  an  unknown  amount  of  gamma  Irradiation  from  contaminating  fission 
products . 

Study  of  the  Neurospora  samples  was  started  in  early  summer  of 
19^7*  Lyophlllzed  conidla  (Samples  IOI-I5O),  exposed  during  Test 
ABLE  were  crossed  with  wild  type  strains  of  the  opposite  sex.  After 
ripe  perltheola  had  formed  several  hundred  random  ascospores  were 
dissected  out  and  planted  In  Individual  tubes  of  complete  agar 
medium.  Each  Individual  strain  was  then  studied  for  mutant  char¬ 
acters  by  the  methods  of  Beadle  and  his  aseoclates.  The  results  of 
this  study  are  summarized  In  Table  1.  The  ascospores  exposed  during 
Test  ABLE  Including  controls  (Samples  1-15  aJid  81-75)  were  no  longer 
viable  when  the  studies  were  started. 

The  ascospores  exposed  during  Test  BAKER  (Sandies  201-250)  were 
suspended  In  sterile  liquid  minimal  media  (1,2)  and  heated  to  60°C. 
for  a  period  of  30  minutes.  This  Is  done  in  order  to  activate  the 
spores  and  also  has  the  advantage  of  killing  any  contaminating 
conidla.  The  suspension  was  then  spread  thinly  on  complete  agar 
media  plates  so  that  the  Individual  spores  were  well  separated. 

After  Incubation  one  hyphal  tip  was  picked  from  each  discrete  ger¬ 
minating  spore  and  transferred  to  a  tube  of  complete  agar  medium. 

The  resulting  strains  of  Neurospora  which  grew  in  48  hours  were 
then  examined  for  mutant  characteristics.  These  studies  are  sum¬ 
marized  In  Table  2. 

Table  3  lists  the  biochemical  mutants  found  during  the  course 
of  this  study.  No  attempt  was  made  to  classify  the  various  morpho¬ 
logical  mutants. 


Discussion 


A  compaxlson  of  the  types  of  'biochemical  mutants  fo\jnd  among 
the  descendants  of  Bikini -exposed  material  with  those  previously 
recovered  following  treatment  with  X-ray,  ultraviolet  and  mustard 
gas  (2,4,5)  Indicates  the  atomic  bomb  Ionizing  radiation  induces 
many  of  the  same  categories  of  mutant  changes.  A  detailed  compari¬ 
son  cannot  be  made  until  all  the  mutants  recovered  are  completely 
identified  both  genetically  and  biochemically.  In  the  course  of 
future  work  this  will  be  done  for  many  of  them,  but  a  complete  and 
systematic  characterization  of  all  of  them  is  such  a  laborious  and 
time  consuming  task  that  It  Is  probably  not  worth  while. 

Of  the  80  biochemical  mutant  types  recovered  In  the  Bikini 
material,  32  are  classified  as  "unknowns".  This  means  that  these 
mutants  require  for  growth,  compounds  that  are  either  not  yet  known 
or  that  are  not  yet  Identified).  This  appears  to  be  a  high  propor¬ 
tion  of  unknowns  as  compared  with  that  found  In  previous  tests  with 
controlled  X-ray  and  ultraviolet  radiation.  It  should  be  pointed 
out,  however,  that  previous  experience  shows  that  as  mutants  In  the 
"unknown"  group  are  studied  more  thoroughly  many  of  them  are  trans¬ 
ferred  to  the  "known"  category.  In  some  instances  growth  require¬ 
ments  are  obscured  by  Inhibiting  substances  present  In  the  test 
media.  Occasionally  mutant  strains  have  double  growth  factor 
requirements.  This  may  be  a  result  of  the  presence  of  two  mutant 
genes,  or  It  may  be  the  consequence  of  lack  of  ability  of  the 
strain  to  synthesize  an  Intermediate  substance  common  to  two  growth 
factors.  These  observations  lead,  one  to  speculate  as  to  whether 
exposiore  to  the  combination  of  gamma  rays,  fast  and  slow  neutrons 
might  produce  a  greater  Incidence  of  "unknown"  mutant  types  than 
does  X-ray  or  ultraviolet  alone.  Zlrkle  (6)  has  demonstrated  that 
an  a,ddltlve  lethal  effect  does  occur  in  mice  exposed  to  gamma  rays 
and  fast  neutron^. 

The  numbers  of  recovered  mutants  are  so  small  that  no  attempt 
has  been  made  to  correlate  them  with  dosages  measured  by  physical 
means  at  the  various  stations.  For  this  type  of  study,  maize  Is 
clearly  a  more  favorable  material. 


Conclusion 

The  Bikini  biochemical  mutants  constitute  a  valuable  addition 
to  the  pool  of  genetic  material  found  in  previous  experiments  and 
available  for  biochemical  and  nutritional  studies  In  Neurospora. 

■Work  on  these  mutant  strains  has  already  led  to  a  significant 
Increase  In  our  knowledge  of  the  ways  In  which  organisms  synthesize 
and  metabolize  vitamins,  amino  acids,  purines,  pyrimidines  and  other 
essential  constituents  of  protoplasm.  It  Is  becoming  Increasingly 
clear  that  many  of  the  processes  of  protoplasmic  metabolism  are 
■basically  the  same  In  all  forms  of  life.  For  example.  It  appears 
that  the  ornithine  cycle  Is  essentially  the  same  In  NeUrospora  and 
man.  Neurospora  transforms  the  amino  acid  tryptophane  Into  nico¬ 
tinic  acid.  The  rat,  and  presumably  also  man,  is  able  to  make  this 
conversion  by  the  same  mechanism. 

The  opportunities  for  increasing  our  knowledge  of  living  sys¬ 
tems  through  the  use  of  Induced  gene  changes  are  very  great  -  we 
have  only  begun  to  exploit  them. 
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Table  1 


Mutants  Isolated  from  Conldla  Exposed  Purina  Test  ABLE 


Sample 

Wo. 

Estimated 
Dose 
r.  Units 

Wumber 

Spores 

Isolated 

Number 

Grew 

Percent 

Grew 

Morph. 

Mutants 

Biochem. 

Mutants 

Total 

Mutants 

Percent 

Mutants 

101 

7,400 

482 

452 

91.8 

1 

2 

3 

0.6 

102 

8,800 

6l6 

517 

83.9 

6 

2 

8 

1.5 

105 

12,700 

318 

242 

76.1 

2 

0 

2 

0.8 

107 

3,050 

420 

375 

89.2 

1 

0 

1 

0.2 

108 

3,000 

200 

188 

94.0 

1 

0 

1 

0.5 

109 

391 

428 

394 

92.0 

4 

2 

6 

1.5 

110 

729 

200 

177 

88.5 

2 

1 

3 

1.6 

111 

81 

98 

81 

82.6 

1 

1 

2 

2.4 

112 

107 

256 

237 

92.5 

4 

0 

4 

1.6 

113 

62 

619 

571 

92.2 

3 

0 

3 

0.5 

114 

62 

576 

468 

81.2 

6 

4 

10 

2.1 

115 

70 

364 

302 

82.9 

3 

0 

3 

0.9 

116 

132 

881 

725 

82.2 

7 

1 

8 

1.1 

117 

20 

451 

360 

79.8 

2 

0 

2 

0.5 

118 

38 

457 

400 

87.5 

5 

3 

8 

2.0 

119 

6 

629 

537 

85.3 

3 

1 

4 

0.7 

120 

38 

599 

525 

87.6 

3 

4 

7 

1.3 

121 

0 

300 

24j 

82.3 

0 

0 

0 

0 

122 

0 

1048 

920 

87.7 

0 

0 

0 

0 

123 

2 

802 

630 

78.5 

0 

0 

0 

0 

124 

2 

1002 

858 

85.6 

0. 

0 

0 

0 

125 

18 

1040 

902 

86.7 

0 

0 

0 

0 

126 

24 

1020 

860 

84.3 

2 

0 

2 

0.2 

127 

0 

906 

741 

81.7 

1 

0 

1 

0.1 

128 

1 

1100 

984 

89.4 

0 

0 

0 

0 

131 

6 

1048 

870 

83-0 

1 

0 

1 

0.1 

132 

11 

1098 

888 

80.8 

2 

1 

3 

0.3 

133 

0 

1069 

848 

79.3 
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Tatle  1  Cont'd 


Mutants  Isolated  from  Conldla  Exposed  During  Test  ABU! 


Estimated  Number 


Sample 

No. 

Dose 

r.  Units, 

Spores 
,  Isolated 

Number 

Grew 

Percent 

Grew 

Morph. 

Mutants 

Blochem. 

Mutants 

Total 

Mutants 

Percent. 

Mutants 

13l^ 

0 

912 

755 

82.7 

0 

0 

0 

0 

135 

2 

1065 

880 

82.6 

2 

0 

2 

0.2 

136 

2 

1091 

870 

79-7 

0 

0 

0 

0 

137 

0 

701 

577 

82.3 

0 

0 

0 

0 

138 

0 

806 

632 

78.4 

1 

0 

1 

0.1 

139 

0.2 

665 

569 

85.5 

1 

0 

1 

0.1 

IhO 

2 

U02k 

841 

82.1 

3 

0 

3 

0.3 

141 

0 

1076 

916 

85.1 

0 

1 

1 

0.1 

11^2 

0 

1055 

879 

83.3 

0 

0 

0 

0 

11^3 

0 

1129 

822 

72.8 

0 

1 

1 

0.1 

lJ+1^ 

0 

1112 

721 

64.8 

1 

0 

1 

0.1 

Controls 

200 

171 

85.5 

0 

0 

0 

0 

Table  2 


Mutations  from  Hyphal  Tips  Isolated  from  Ascospores  Ex^beed' During  Teet  BAKER 


Sample 

No. 

Estimated 
Dose 
r.  Units 

Number 

Tips 

Isolated 

Number 

Tips 

Grew 

Percent 

Grew 

Morph. 

Mutants 

Blochem. 

Mutants 

Total 

Mutants 

Percent 

Mutants 

201 

5 

1100 

975 

88.6 

0 

0 

0 

0 

209 

7000 

1216 

8o4 

66.1 

22 

15 

37 

4.6 

210 

7000 

1094 

623 

56.9 

0 

6 

6 

0.9 

213 

10 

682 

558 

81.8 

0 

0 

0 

0 

214 

10 

751 

638 

84.9 

3 

0 

3 

0.4 

217 

1750 

1244 

1037 

83.3 

0 

0 

0 

0 

221 

1 

1375 

1169 

85.0 

1 

0 

1 

0.08 

229 

3 

1350 

1144 

84.7 

0 

1 

1 

0.08 

233 

9000 

2400 

2117 

88.2 

0 

18 

18 

0.85 

234 

9000 

3000 

2841 

94.7 

4l 

22 

63 

2.2 

239 

3500 

1200 

1025 

85.4 

1 

0 

1 

0.09 

Controls 

500 

485 

97.0 

0 

0 

0 

0 
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Table  3 


Bioobemlcal  Mutants  of  Neurospora  crassa  Isolated  From  Samples 
Exposed  During  the  Bikini  Atomic  Bomb  Teste. 

Number  Found 

Arginineless  1 

Aspartlclees  1 

Casein  Unknown  8 

Casein,  Vitamin  Unknown  2 

Casein,  Yeast  Unknown  3 

Chollnelese  2 

Cytldlnelese  2 

*  Cytldlneless,  Blbonuclelo  Acldlese  7 

Cystlnelese  1 

1-Leuclnelese  2 

1-Lyslnelees  2 

Methlonlneless  7 

Nlcotlnlclese  1 

Para-amlnobenzolc  Acldless  1 

*  Para-amlnobenzolc  Acldless,  Folic  Acldlese  1 

*  Para-amlnobenzolc  Acldlese,  Chollnelees  1 

Serineless  1 

Succinic  Acldlese  1 

Tblamlnelees  3 

Vitamin  Unknown  2 

Yeast  Extract  Unknown  19 

Yeast  Nucleic  Acldlese  12 

Total  80 

*  Will  grow  on  either  compound 
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Defense  Special  Weapons  Agency 

6801  Telegraph  Road 
Alexandria,  Virginia  22310-3398 


10  April  1997 


MEMORANDUM  FOR  DEFENSE  TECHNICAL  INFORMATION  CENTER 

ATTENTION:  OMI/Mr.  William  Bush 


SUBJECT:  Declassification  of  Reports 


The  Defense  Special  Weapons  Agency  (formerly  Defense  Nuclear 
Agency)  Security  Office  has  reviewed  and  declassified  the 
following  reports: 

AD-366718^  XRD-32-Volume  3 

AD-366726''  XRD-12-Volume  2 

AD-366703''  XRD-1 6-Volume  1 

AD-366702  -'  XRD-14-Volume  2 

AD-376819L'*’  XRD-17-Volume  2 

AD-366704-  XRD-18 

AD-367451^  XRD-19-Volume  1 

AD-366706^5^  XRD-20-Volume  2  3GG70i> 

AD-376028L*'  XRD-4 

AD-366694''  XRD-1 

AD-473912'  XRD-193 

AD-47389]r-  XRD-171 

AD-473899'  XRD-163 


AD-473887-  XRD-166 


AD-473889  - 


XRD-1 68 


TRC 


10  April  1997 


SUBJECT:  Declassification  of  Reports 

AD-B197749  XRD-174 

AD-473905'-  XRD-182 

AD-366719^  XRD-33  Volume  4 

AD-366700^  XRD-10 

AD-366712*'  XRD-25  Volume  1 

AD-376827L>  XRD-75 

AD-366756  ^  XRD-73 

AD-366757^  XRD-74 

AD-366755  '  XRD-72 

AD-366754''  XRD-71 

AD-366710'-f  XRD-23  Volume  1 

AD-366711-  XRD-24  Volume  2 

AD-366753''  XRD-70 

AD-366749''  XRD-66 

AD-366701'  XRD-11 

AD-366745"  XRD-62. 
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